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TOM TAT

Trong thoi dai hién dai, viéc diéu khién robot 4 chan dang ddt ra nhitng thach thiec dang ké.
Cdc khé khén bao gom viéc dong bé héa chuyén dong ciia cdc chan, duy tri can bang trén mdt dat
khéng dong déu va thich vmg véi méi trwong xung quanh. Cdc phirong phdp diéu khién truyén thong
thwong gdp khé khan trong viée xir Iy cdc yéu t6 phi tuyén va sw ngdau nhién tir méi truong, dan dén
han ché vé hiéu sudt va sw linh hoat ciia robot. Pé vuot qua nhitng thach thirc nay, chung toi dé xuat
sir dung thudt todn hoc ting cuong, cing véi dé sir dung trinh mé phong mdy tinh dé thiét lap thudt
todn, mé ra co héi dé diéu khién robot 4 chan mét cach linh hoat va hiéu qua hon, tu do co thé diéu

khién robot 4 chan di chuyén linh hoat trén dia hinh gé ghé.
Tw khéa: Robot 4 chdan; Mo phong,; Hoc tang cuong.
ABSTRACT

In the modern era, controlling quadruped robots poses significant challenges. Difficulties
include synchronizing the motion of the legs, maintaining balance on uneven terrain, and adapting
to the surrounding environment. Traditional control methods often struggle to handle nonlinear and
uncertain factors, leading to limitations in the performance and flexibility of robots. To overcome
these challenges, we propose using reinforcement learning algorithms, building simulation
environment to opening up opportunities to control quadrupedal robots more flexibly and effectively

over rough terrain.
Keywords: Quadruped robot; Simulation, Reinforcement learning.
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1. TONG QUAN

Bai toan di chuyén 1a mét yéu t6 quan
trong ddi véi robot di dong va dic biét 1a trong
linh vuc thiét ké robot 4 chan, nhu robot cho.
Trong qua trinh lam viéc, robot ¢ thé gap phai
nhiing loai dia hinh, hay vat can chua tung gap
trugc day, hay viéc hoat dong trong cidc moi
truong c6 tinh ngau nhién cao giy khé khin
cho céac thuat toan diéu khién thong thuong.
Céc tién trién gan day trong linh vuc thiét ké
va giai thut diéu khién cua robot bon chan da
danh diu mot bude phat trién dang ké, mo ra
nhitng co hdi méi v6i kha ning di chuyén linh
hoat cua ching.

Trén thé gi6i, hién nay, cac phuong
phap diéu khién robot 4 chan sir dung hoc ting
cuong tiéu biéu nhu [1], [2], gdm mot bo didu
khién st dung thuat toan hoc ting cuong va mot
bo hanh dong tham chiéu dé thuc hién dang di
cuarobot. Hay nhu [3], [4], [5] st dung phuong
phap hoc sinh-gido vién (student-teacher
method), mdt mang no ron nhan tao co dﬁy dua
thong tin tr moi truong (teacher network) va
tao hanh dong cho robot, cung lic d6 mdt mang
no ron khac khong truy cap ddy du duoc cac
thong s6 cia moi truong (student network) sé
hoc theo mang no ron gio vién dé sinh ra hanh
dong phu hop cho robot. Mot phuong phép
khac kha ndi bat gan day, duoc trinh bay boi
[6], [7], do6 1a st dung nhiing bd dir liéu MoCap
(Motion Capture), 1a bo dir liéu ghi lai chuyén
dong cua dong vat dé tir d6 1am tham chiéu cho
thuat toan hoc tdng cuong. Tuy nhién, nhitng
phuong phap trén doi hoi thoi gian huan luyén
thuat toan lau, déng thoi lugng tham s6 ctia mo
hinh hoc sdu rat 1én va thuat toan huén luyén
rat phuc tap. Viéc huén luyén thuat toan diéu
khién don gian 1a mot nhu cau can thiét va dang
dugc quan tam.

2. PHUONG PHAP
2.1. Mo hinh robot

Pé thuc hién cong viéc phat trién thuat
toan, ta can mot mo hinh robot don gian nhung
day du dé c6 thé chay dugc trong mo phong.
Thiét ké hoan thién ctia robot 4 chan thudng rat
phire tap, néu st dung truc tiép trong mo phong
c6 thé gay cham tré va hao ton tai nguyén tinh
toan. Vi vay, mdt mo hinh don gian (Hinh 1) s€
giup dé dang thuc hién mo phong.

Hinh 1. M6 hinh robot 4 chan chi tiét

Hinh 2. M6 hinh robot 4 chdn don gian.

Mo hinh robot str dung trong mo phong
c6 cac thong sO co ban trong bang sau:
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Bdng 1. Théng s co ban ciia mé hinh mé phong.

Théng sb Gia tri

Khéi lwong than 2 kg

Kich thudc than 0,4x0,15x0,1m

Khdi lugng vai 0,1 kg

Kich thudc vai 0,025 x 0,05 m
Khéi lugng dui 0,1 kg

Kich thudc dui 0,05 x 0,05 x 0,15 m
Khéi luong bap 0,1 kg

Kich thudc bap 0,03 x 0,03 x 0,1 m

Cac kich thudc nay dugc ldy tir ban vé
thiét ké robot, ¢ ddm bao md hinh mé phong
sat voi mo hinh thuyc t¢ nhat c6 the.

2.2. Méi truong mo phong

Moi truong mo phdng duoc xay dung
trén trinh mo6 phong Pybullet [8]. M6 hinh robot
sau khi thiét ké chi tiét s& dugc chuyén thanh
dang file .urdf dé tai 1én mo phong. Trong moi
truong mo phong cua Pybullet, cac bai toan va
cham s€ duogc tinh todn trong thoi gian thuc dé
dam bao mo phong sat voi thuc té.

Cac loai dia hinh s€ dugc mo hinh hoa
dé huén luyén thuat toan bao gém dia hinh
phang va dia hinh g6 ghé. Trong dia hinh gb
ghé, cac chom da nhé duoc sinh ngau nhién véi
cao d6 16n nhét 1a 5 (cm). Hinh 2 thé hién cac
dia hinh huin luyén thuat todn hoc tang cuong.

Hinh 3. Trén: Pia hinh go ghé véi cac mom da
nhé; Duéi: Pia hinh mdt phang.

2.3. Thuat toan hoc ting cwong

Thuat toan hoc tang cuong Vanilla
Policy Gradient (VPG) duoc str dung dé huan
luyén thuat toan. Mot s6 khai niém dé xay dung
thudt toan bao gom:

e Bo diéu khién 7.

e Trang thai ciia moi truong s.

e Diu ra cia thuit toan a.

e Phan thudng tir moi trudng r.

e Bo diéu khién, 12 mot ham s ¢6 dau
vao la trang thai quan sat dugc tir moi truong
va dau ra 13 mot hanh dong. Policy thuong
duogc ky hiéu la: n(als).

e Quy dao, 1a mot chudi cac hanh dong,
trang thai moi truong va phan thuong tir moi
truong, thuong duoc biéu dién dudi dang mot
tap hop nhiéu trang thai, hanh dong va phan
thuong xép theo thur ty nhu sau:

T = (80,a0,79, 51,21, 71, ---» S, A, T2 ). (1)

Ham chuyén ti€p, gia su trang thai cua
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moi trudong tai mot thoi diém chi phu thude vao
trang thai cia méi trudong tai thoi diém trude
d6, thi ham chuyén tiép dugc dinh nghia la:
p(s's,a).

Tdng tich lily phan thuong, 13 gia ma
moi truong tra vé khi duoc tinh trén mot quy
dao, voi y 1a h¢ s6 lam phat: y €(0,1), c6 gia tri
nhu sau:

G(TIt) =XV Resisr ()

Xac suit dé ta bat gap mot quy dao c6 T
budc thoi gian la:

T-1 =il
Paim) = p(so) | [plseals) =pso) | [plseanlse aomads) (3)
t=0 t=0

Tir do, ta co thé dua ra khai niém phan
thuong ky vong trong mdt quy dao la:

J(@) =ZP(T|1T)G(T) = E[G(1)] (4)

Vi vy, dé tim mot bo diéu khién tbt
nhat dé t6i da phan thuong ma ta nhan vé khi
thuc hién mot quy dao chinh 1a thyc hién bai
toan tbi uu sau:

n° = argmaxJ(7) (5)

Pé truc tiép tim dugc bo diéu khién tot

nhit, ta thuc hién dao hamvg - [G (T)]

, sau do cap nhat tham s6 mo hinh theo cong

thuc Gradient Ascent co ban, véi 0 1a thong so
mang no ron ctia bd diéu khién m:

0«0+ )8 VHETNTEQ [G (T)] (6)

Trong d6, VgE;.q,[G(7)] dugc bién
d6i nhu sau:

VoEr.[G(D)] = Erg[XVg logme (acls,) G(zls,)] (7)

Theo 1y thuyét caa VPG [9], [10], cap
nhat thuat toan theo (6) st dung thuat toan t6i
uu Gradient Ascent s€ dat duoc b diéu khién
t61 uu 1*.

3. THi NGHIEM
3.1. Huén luyén thuit toan

Thuat toan dwoc huin luyén 500.000
budc, v6i learning rate 14 0,005. Tong thoi gian
trong mo phong la 6 gio va thoi gian thyuc 1a 2
gid ddng hd. Bo diéu khién duoc chon la mot
mang no ron don gian c6 3 16p va 1op an cod
256 nit. Ta sir dung thudt toan t6i vu Adam dé
t61 uu thuat toan VPG. Cac két qua huén luyén
dugc thé hién trén cac Hinh 3, Hinh 4, Hinh 5.
B0 dit liéu dé huan luyén thuat toan s& duoc thu
thap song song voi viée thuc toan chay trong
mo phong. Pé tiét kiém thoi gian va tdi wu tai
nguyén tinh toan, 8 moi trudng mo phong dugc
chay cung luc dé thu thap dir liu cho thuat
toan.

Hinh 4. Tong phan thuong tich lity ciia mé hinh.

Hinh 5. P dai mét lan mé phong.
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Hinh 6. Mdt mat ciia bo diéu khién.
4. KET QUA VA THAO LUAN

Trong sd cac thong sb danh gia cua
thuat toan thi tong phan thudng tich liy 1a quan
trong bac nhét, thong s6 nay phan anh kha ning
dat dugc muc tiéu di dé ra cua thuat toan. Gia
tri cang cao ching to trong mgt vong lap mo
phong, thuat toan cua ta da diéu khién robot di
ding hudng.

Mot yéu t6 khac cé thé dung dé danh
gia thuat toan chinh 1a bang cach nhin vao dap
g cua thuat toan dbi vi mot diém muc tiéu
bét ky trong moi truong mo phong. Vi dau vao
ctia thuat toan bao gdm mét véc-to chi phuong
trong h¢ toa do robot, chi dén muc tiéu, vi thé,
ta c6 thé thuc hién tinh toan va khao sat khoang
cach cosin (cosine distance) gitra goc quay mat
hién tai va véc-to chi phuong dé biét duoc dap
ung thuat toan.

0.0 417 8.33 125 16.67 20.83
Thai gian (s)

Hinh 7. Badp wng khoang cdch cosin cua goc quay
robot.

Theo nhu quan sat, hiu hét cac dudng
dap ing déu dat dén gia tri 16n hon 0,75 sau
5 gidy, tuy chi c6 hai truong hop cé biét do 1a
duong xanh 14 va dé la dap Umg cham so vai
cac duong con lai, do6 1a vi khi ndy muc tiéu
nam sau lung robot va thuat toan diéu khién
can ton mot khoang thoi gian dé cho robot quay
dau.

104

0.0 417 8.33 125 16.67 20.83
Théi gian (s)

Hinh 8. Khoang cach giita robot va muc tiéu theo
thoi gian.

Tur hinh trén, c6 thé thdy robot di
chuyén véi van téc gan nhu tuyén tinh, va can
nhiéu thoi gian hon dé c6 thé di dén duoc vi tri
clia myc tiéu néu vi tri myc tiéu khong thuan loi
v6i huéng quay ban dau cia robot.

» @

Hinh 9. Trdi: Di chuyén dén muc tiéu trén dwong
thang; Phdi: Quay dau sau dé tién vé muc tiéu.

5. KET LUAN

Thuét toan huin luyén da diéu khién

robot di chuyén trén dia hinh phang va gb ghé &
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dén muyc tiéu voi do tin cay cao. Két qua thu
nghiém trén mé phong cho thay robot c6 thé
hoan thanh nhiém vy di chuyén dén muc tiéu
trong thoi gian ngin va dé dang vuot qua dia
hinh gap ghénh trong mo phong. Vi do phirc
tap thip va th(n gian huan luyén khong cao,
day chinh la nén mong cho viée trién khai thuat
toan vao thiét bi phan cing dé dang va nhanh
gon hon.
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